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ceived signal streams at the destination, and incorporate
it in the DF based SRAN.
4) We demonstrate that by combing the relay-aided SISO-
MSDSD decoder with the successive relaying regime,
the proposed transceiver signiﬁcantly reduces the sys-
tem’s complexity while operating close to the system’s
capacity.
The rest of this paper is organised as follows. Our system
model is described in Section II. Section III derives the
noncoherent DCMC capacities of both the AF based and DF
based SRANs. Then in Section IV we design the proposed
transceiver architecture based on the capacity analysis pro-
vided in Section III and investigate both the complexityand the
robustness of the proposed transceiver. Finally, we conclude
in Section V.
II. SYSTEM OVERVIEW
A typical scenario of the cooperative DS-CDMA uplink is
portrayed in Figure 1, where the MS s roaming close to the
edge of the DS-CDMA cell activates the SRAN regime to
improve its communication quality. The activated relays r0,r1
and the BS d are speciﬁcally labelled in Figure 1.
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Fig. 1: The successive relaying aided cooperative DS-CDMA
uplink topology.
The path-loss gain achieved by the reduced transmission dis-
tance experienced in cooperative systems is introduced below.
As detailed in [10], the average path-loss gains of the Source-
to-Relay link (SRi) and Relay-to-Destination link (RiD) with
respect to the Source-to-Destination link (SD) are given by
Gsri =
 
Dsd
Dsri
 α
,i = 0,1 and Grid =
 
Dsd
Drid
 α
,i = 0,1,
respectively, where the notation Dab,a,b ∈ {s,r0,r1,d} rep-
resents the distance between node a and node b. Throughout
this paper, the path-loss exponent is ﬁxed to α = 3 for
representing a typical urban area.
To simplify our analysis, we assume that the SRAN has
a symmetric topology, which implies that Dsr0, Dr0d, Gsr0
and Gr0d are identical to Dsr1, Dr1d, Gsr1 and Gr1d, re-
spectively. Let us deﬁne the transmit power of the MS s
for a conventional single-link direct-transmission based DS-
CDMA uplink as Ptotal. For the sake of a fair comparison
between the system employing the proposed SRAN and that
operating without a SRAN, we assume that the overall transmit
power of the SRAN aided DS-CDMA uplink, which consists
of the transmit power Ps of MS s and the transmit power Pri
of relay ri, is also Ptotal. Explicitly, no sophisticated power-
allocation scheme is considered here - we simply equally
allocate the total power Ptotal to the source and relay, i.e. we
have Ps = Pri = P = 1/2Ptotal.
Furthermore, all the possible propagation paths between the
s, ri and d are assumed to be the correlated time-selective
generalized block-fading Rayleigh channels of [11], where the
fading coefﬁcients hab[k],a,b ∈ {s,r0,r1,d} of the channel
between node a and node b ﬂuctuate in a correlated manner
over the block period rather than remaining constant, and then
switch to another in itself correlated, but independently fading
block with respect to the previous block. The independent
and identical distribution (i.i.d) assumption from one block to
the next [12] is convenient for information-theoretic analysis
as it allows us to focus on a single block in studying the
capacity. The correlated block-fading period of the channel is
represented by Tb, and the variance σ2
ab,a,b ∈ {s,r0,r1,d} of
any channel fading coefﬁcient hab[k] is assumed to be unity.
More details about the SRAN, especially the transmission
processes of the different cooperative phases are depicted in
Figure 2, where the source transmissions are segmented into
identical-length transmission frames of L symbols.
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Fig. 2: The successive relaying aided transmission process in
its different communication phases.
Observe in Figure 2 that in the even phase s broadcasts
its information stream, while r0 listens to s and r1 forwards
the signals received from s during the most recent phase.
In the consecutive odd phase, s continues to broadcast its
next information stream, but the roles of the relays r0 and r1
alternate. Similar to [5] [13], we assume that the transmissions
of the SRAN depicted in Figure 2 are perfectly aligned to form
a synchronous system. As detailed in [5] [13], an impediment
of the SRAN is the interference generated among the relays,
which is referred to the inter-relay interference (IRI). The
IRI is further aggravated by the co-channel interference (CCI)
between the signals transmitted from the source node (SN) and
relay node (RN), both of which are simultaneously received
at the destination node (DN), as seen in Figure 2. As a
beneﬁt of combining DS-CDMA with the SRAN philosophy,
the inherent ability of CDMA to deal with the multipath
effects assists the SRAN in overcomingits interference-limited
behaviour [14].8
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Fig. 3: The effect of the geographic position of the RN on
CAF
Successive, as evaluated from (21), (29), (30) and (31), where
a normalized Doppler frequency of fd = 0.01 is assumed.
where the following RN positions expressed in terms of
θ ∈
 1
3, 1
2,1.0,2.0,3.0
 
were considered and the number of
interfering users was ﬁxed to M = 0.
Observe in Figure 3 that the capacity of the SN’s up-
link employing the AF based SRAN exceeds that of the
conventional single-link direct transmission structure, when
appointing RNs sufﬁciently close to the SN. By contrast, it
results in a degraded capacity compared to the conventional
direct transmission structure, when appointing RNs close to
the DN. In our particular case, appointing the RNs at the
position of θ = 1
2 is seen to be the best strategy in Figure 3,
which slightly improves the capacity CAF
Successive compared to
the scenarios of θ = 1
3 and θ = 1.0. In our next investigation
we ﬁxed the position of RNs to θ = 1
2 and focussed our
attention on the detrimental effects of having an increased
number of interfering users M. Speciﬁcally, the values of
M ∈ {0,32,64} are considered for modelling the scenarios
of zero, moderate and heavy MAI, respectively.
The relevant simulation results displayed in Figure 4 demon-
strate that the capacity of the AF based SRAN always exceeds
that of the direct transmission system, regardless of the number
of interfering users. It is more intriguing to ﬁnd that the
capacity advantage of the AF based SRAN increases with
respect to the conventional direct transmission system, when
the MAI becomes stronger. This implies that in contrast to the
conventional DS-CDMA uplink, the cooperative DS-CDMA
uplink will exhibit more substantial advantages in high-load
situations. Furthermore, it is expected that if we adjust the
ampliﬁcation factor fAMri with the aid of accurate power-
control instead of equally splitting the power between the SN
and RN, the AF based capacity may be further improved,
as also reported in [20], [26]. This beneﬁt may indeed be
anticipated, since having a reduced SN and RN transmit
power results in reduced MAI in comparison to the direct
transmission scenario.
Similarly, when the DF based SRAN is employed, the
attainable capacity CDF
Successive associated with different RN
positions is characterized in Figure 5. This demonstrates that
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Fig. 4: The noncoherent DCMC capacity CAF
Successive in zero,
moderate and heavy MAI scenarios, as evaluated from (21),
(29), (30) and (31), where a normalized Doppler frequency of
fd = 0.01 is assumed.
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Fig. 5: The effect of the geographic position of the RN on
CDF
Successive, as evaluated from (32), (36) and (37).
appointing RNs, which roam closer to the SN - rather than
to the DN - in the DF based SRAN provides a higher
capacity. To expound a little further, in the low SNR region
(< 1dB), the DF based system appointing RNs at the position
of θ = 1.0 achieves the highest capacity. The previously
noted phenomenon, namely that the capacity gain achieved
by replacing the direct transmission structure with the SRAN
increases upon increasing the number of interfering users
remains valid, when considering the DF based SRAN, as
demonstrated by Figure 6.
Upon comparing Figure 3 to Figure 5, We observe that
the DF based SRAN appointing appropriate RNs outperforms
AF based SRAN, especially at low SNRs, i.e. in the low-
throughput region. In this treatise, we conﬁgure our SRAN
to operate at low SNRs for the sake of saving precious
transmit power. Accordingly, instead of the AF scheme, the
DF scheme is proposed for our SRAN, where an improved
BER performance is expected.